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$W$ $(V, W)$ $f=(f_{1}, \cdots f_{n})\in V$ weight
$wt(f)$ 0 $f_{i}$ $W$ weight $wt(W)$ $wt(W)=$
${\rm Min}\{wt(f)|f\in W, f\neq 0.\}$ $W$
$wt(W)$
$V$ $n$ ( $V$ $\mathrm{F}_{q}^{n}$
) $\mathrm{F}_{q}^{n}$ $W$ $\text{ }$ (i.e.




$X(\mathrm{F}_{q})$ $X$ $\mathrm{F}_{q}$ $X(\mathrm{F}_{q})=\{P_{1}, \cdots, P_{n}\}$
$G= \sum_{i=1}^{N}Q_{i}$ $X$ effective divisor $\mathrm{F}_{q}$ (i.e. Galois
) $i$ $P_{i}\not\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}G$
$2gx-2<\deg G(=N)<n$ .




$\mathcal{L}(G)arrow \mathrm{F}_{q}^{n}\Phi$ , (1)
$\Phi(f)=(f(P_{1}), \cdots, f(P_{n}))$
21
1. $\Phi$ dimIm\Phi =degG-gX+l
2. wt(Im\Phi )\geq n-degG
21 $\deg G>2g_{X}-2$ $\deg G=2g_{X}-1$
$\bullet \mathrm{d}\mathrm{i}\mathrm{m}{\rm Im}\Phi=g_{X}\text{ }$
$\bullet wt({\rm Im}\Phi)\geq g_{X}(\frac{n}{\mathit{9}X}-2)+1_{\text{ }}$
$g_{X}$
21(Reed-Solomon ) $X$ $\mathrm{F}_{q}$ $\mathrm{P}_{\mathrm{F}_{q}}^{1}$
$\mathrm{F}_{q}$ $\{0, \cdots, q-1\}$ $\mathrm{P}_{\mathrm{F}_{q}}^{1}$ $P_{i}=[i$
:1] $Q=\infty=[1$ : 0$]$ , $G=mQ$
$-2<m<q$ $\mathcal{L}(G)$ $\mathrm{F}_{q}$ $m$
$\Phi$
$\Phi(f)=(f(0), \cdots, f(q-1))$




$\mathrm{A}\mathrm{a}_{\text{ }}$ ( $A$ $|A|$ )
3
70
31 $\bullet$ $N_{q}(g)= \sup_{X}\{|X(\mathrm{F}_{q})|\}$ $X$ $\mathrm{F}_{q}$
$g$
$\bullet\alpha(q)=\lim\sup_{garrow\infty g}^{\underline{N}(q)}\mapsto_{\text{ }}$
311. (Drinfeld-Vladut) $\alpha(q)\leq\sqrt{q}-1$ .
2. (Kresch-Wetrell-Zieve) $q$ [ $\lim_{garrow\infty}N_{q}(g)=\mathrm{o}\mathrm{o}$
$f=2$ Tsfasman-Vladut-Zink, Garcia-Stichtenoth
32 $\mathrm{F}_{p^{2}}$ $\{X_{l}\}_{l}$ liml\rightarrow \infty gX\iota =x
$\lim_{larrow\infty}\frac{|X_{l}(\mathrm{F}_{p^{2}})|}{g_{X_{l}}}=\mathrm{J}-1$ $q=p^{2}$









$N$ $p$ $\Gamma_{0}(N)$ Hecke
;
$\Gamma_{0}(N)=\{\gamma\in SL_{2}(\mathrm{Z})|\gamma\equiv(\begin{array}{ll}a b0 d\end{array})\mathrm{m}\mathrm{o}\mathrm{d}N\}$ (2)
$X_{0}(N)(\mathrm{C})$ $X_{0}(N)(\mathrm{C})$
$\mathrm{Z}[\frac{1}{\mathrm{N}}]$




$X_{0}(N)$ $E$ $N$ $\mathrm{F}$ $(E, \mathrm{F})$
$\Sigma_{0}(N)=$ { $(E,$ $\Gamma)|E$ is asupersingular elliptic curve over $\overline{\mathrm{F}_{\mathrm{p}}}$ }, (3)
$\overline{\mathrm{F}}_{p}$ supersingular $p$
( $E$ supersingular $(E, \Gamma)$ supersingular
) $\Sigma_{0}(N)\subset X_{0}(N)(\mathrm{F}_{p^{2}})$ $\Sigma(N)$ Hasse
$\mathrm{F}_{p}$ $p-1$ $A$ 0 (multiplicity
free) $g_{0}(N)$ $X_{0}(N)$ $c_{0}(N)$
$X_{0}(N)$
$\deg A=(p-1)(g_{0}(N)-1)+\frac{p-1}{2}c_{0}(N)$ , (4)
$|X_{0}(N)_{\mathrm{F}_{p}}( \mathrm{F}_{p^{2}})|\geq|\Sigma_{0}(N)|=\deg A=(p-1)(g\mathit{0}(N)-1)+\frac{p-1}{2}c_{0}(N),$ $(5)$
$\lim_{Narrow\infty}g_{0}(N)=\infty$ $\lim_{Narrow\infty}\frac{c_{0}(N)}{g0(N)}=0$




Drinfeld-Vladut $q=p^{2}$ Best Possible
q=p
Artin-Shreier
5.1 $k$ $\mathrm{F}_{p}$ $F$ $k$





2. $\mathrm{P}_{F}$ $F$ $PC\mathrm{P}_{\ovalbox{\tt\small REJECT}}$
$m_{P}$ $\ovalbox{\tt\small REJECT}$
$z\in F$ $p$ $\mathrm{r}\mathrm{d}_{P}(u-(z^{p}-z))$
$m_{P}=-\mathrm{o}\mathrm{r}\mathrm{d}_{P}(u-(z^{p}-z))$ $z\in F$





3. $Q\in \mathrm{P}_{F}$ $mQ>0$ $k$ $F’$
$g’(resp.g)$ $F’$ (resp.F)
$g’=pg+ \frac{p-1}{2}(-2+\sum_{P\in \mathrm{P}_{F}}(1+m_{P})\deg P)$
$X$ $\mathrm{F}_{p}$ $f$ $X$ $\mathrm{F}_{p}$
$P_{f}$ $f$




$p$ $P$ $P$ ( )
$Q$ $Y$ $g=T\cdot\pi^{*}f$ $\mathrm{F}_{p}$ $Q$
$p$
$\mathrm{F}_{p}$ $X_{n\text{ }}$ X $\mathrm{F}_{p}$ $f_{n}$
$\text{ }X_{n}$ $P_{n}$ $\{(X_{n}, f_{n}, P_{n})\}_{n\geq 0}$ :








$\Sigma_{0}=\{x\in X_{0}(\mathrm{F}_{p})|f_{0}(x)=0\}$ , (8)
73




$g_{n}=p^{n} \cdot g_{0}+(p^{n}-1)(\frac{1}{2}|P_{f}|-1)-\frac{p-1}{2}\{(p+1)^{n}-p^{n}\}\cdot\sum_{P\in P_{f}}\mathrm{o}\mathrm{r}\mathrm{d}_{P}(f)(10)$









$f$ $P\in P_{f}$ $p$ $\mathrm{o}\mathrm{r}\mathrm{d}_{P}f$
$(X, f)$ $\Sigma_{0}$
[
$N$ $p$ $N>p$ $X$ modular
$X_{0}(N)$ $\mathrm{m}\mathrm{o}\mathrm{d} \mathrm{p}$ reduction
$f$ $m$ 12 $p-1$
$A^{\frac{m}{\mathrm{p}-1}}$ ( $A$ Hasse ) $m$ $f$ $f=\underline{A^{A}p-\mathrm{T}}$
$\Delta \mathrm{T}2$
( $\Delta$ 12 Jacobi ) $f$ 0 $\infty$
$\mathrm{o}\mathrm{r}\mathrm{d}_{\infty}(f)=-\frac{m}{12}$ , $\mathrm{o}\mathrm{r}\mathrm{d}_{0}(f)=-\frac{mN}{12}$ , (11)
$(X, f)$ 5.1




$S_{2}(\Gamma_{0}(N))\cross S_{2}(\Gamma_{0}(N))arrow S_{2}(\Gamma_{0}(pN))$ (12)
cokernel $S_{2}(\Gamma_{0}(pN))_{p}$ [ $S_{2}(\Gamma_{0}(pN))_{p}$
Hecke $T_{p}$




$\mathrm{T}\mathrm{r}$ [$\ovalbox{\tt\small REJECT}$ $|S_{2}(\mathrm{I}_{0}^{\ovalbox{\tt\small REJECT}}(pN))_{p}$- $|S_{2}(\mathrm{I}_{0}^{\ovalbox{\tt\small REJECT}}(pN))$ ]
Eichler-Selberg-
62 $p$ $N$ $N>p$ $S_{2}(\Gamma_{0}(N))=$
$\{0\}$
$| \Sigma_{0}(N)(\mathrm{F}_{p})|=1+p-\frac{1}{p-1}\sum_{f\in \mathrm{N},f|(p-1)}\varphi(^{L}\frac{-1}{f})$
$- \sum_{s\in \mathrm{Z},s^{2}-4p<0}\{1+(\frac{s^{2}-4p}{N})\}\sum_{f\in \mathrm{N},f|t}h(_{f}^{\underline{s^{2}}-4p}=)/w(^{\underline{s^{2}}_{f^{\mathrm{T}}}\underline{4p}})$.
$\bullet$ ( ) Legendoe .
$\bullet$
$\varphi$ Euler .
$d$ [ , $h(d)$ (resp. $w(d)$ ) { $\mathrm{Q}(\sqrt{d})$ (resp.
)
$\bullet$ $s^{2}-4p<0$ $s$ , $t$ :
$\{$
$t^{2}m=s^{2}-4p$ , $0>m\equiv 1(4)$ ,
$\sim--\sim-C^{\backslash }m1\mathrm{X}$ square





$- \sum_{s\in \mathrm{Z},s^{2}-4p<0}\{1+(\frac{s^{2}-4p}{N})\}\sum_{f\in \mathrm{N},f|t}h(^{-4p}\frac{s^{2}}{f}=)/w(_{f}^{\underline{s}^{2}-\underline{4p}}arrow)\}$
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